Bacterial meningitis is a lethal disease that requires immediate antimicrobial therapy ([@b1-idmm-25-249]). Lumbar puncture is a key diagnostic procedure and elevation of cell counts in cerebrospinal fluid (CSF) is an important sign of bacterial meningitis ([@b2-idmm-25-249]). We present an uncommon case of bacterial meningitis in which initial CSF analysis showed neither cell elevation nor culture growth, but later showed growth of *Neisseria meningitidis*.

CASE PRESENTATION
=================

The patient was an 83-year-old woman with a history of diabetes and hypertension. She was brought to the emergency department by her family. On the day of admission, she developed fever with chills and became slightly disoriented.

She was taking sulfonylurea and a calcium channel blocker. There was no history taking ill contacts. She was alert but slightly disoriented. Her vital signs were blood pressure 165/85 mmHg, heart rate 86 beats/min, body temperature 39.0°C, respiratory rate 20 breaths/min and oxygen saturation on room air 90%. Physical examination revealed no stiff neck and no crackles, but slight tenderness on both thighs. Laboratory tests showed leukocytosis (11.0×10^9^/L; normal range \<9.8×10^9^/L) and elevated C-reactive protein level (34.6 mg/L; normal range \<4.0 mg/L). Hemoglobin, platelets, serum electrolyte and plasma glucose levels, liver function tests and creatine phosphokinase level were all normal. Urinalysis revealed neither bacteriuria nor pyuria. A chest x-ray did not show any signs of pneumonia. A computed tomography scan with contrast did not identify any source of fever. A lumbar puncture was also performed in the emergency department. Her CSF was clear and colourless. Initial pressure was 170 mmH~2~O. The CSF cell count was 2×10^6^ cells/L without red blood cells, glucose level was 5.16 mmol/L (plasma glucose level 8.32 mmol/L) and protein level was 0.56 g/L; no organisms were observed on Gram stain. Rapid flu antigen testing (BD EZ Flu A+B Test, Becton Dickinson, Japan) was negative. Two sets of blood cultures were obtained. She was admitted by the general internal medicine team and followed up with close monitoring.

The next morning, Gram-negative diplococci were detected in both sets of blood cultures using BD BACTEC (Becton Dickinson, Japan). *N meningitidis* was suspected and ceftriaxone was administered immediately. A lumbar puncture was repeated 18 h after the first lumbar puncture. Her CSF was clear and colourless, and the initial pressure was 160 mmH~2~O. The CSF cell count was 1×10^6^ cells/L without red blood cells, glucose level 4.38 mmol/L (plasma glucose 12.88 mmol/L) and protein level 0.53 g/L. Gram staining of CSF showed Gram-negative diplococci ([Figure 1](#f1-idmm-25-249){ref-type="fig"}). On the same day, she experienced a seizure of the right extremities. Diazepam was given to stop the seizure.

On admission day 3, she complained of right knee pain and her knee was swollen. Arthrocentesis was performed and Gram staining of joint fluid showed Gram-negative diplococci. On admission day 4, the results of both blood and CSF cultures were identified as *N meningitidis* by MicroScan WalkAway (Siemens Healthcare Diagnostics, Japan). Culture of joint fluid later also revealed *N meningitidis*. Ceftriaxone was discontinued and the patient was started on penicillin G according to susceptibility test results. Administration of penicillin G and drainage of the knee joint were continued for three weeks, and all of her symptoms disappeared during the treatment. She was eventually discharged after rehabilitation.

The patient was confirmed to be negative for anti-HIV antibody, complement was normal and she did not have a history of splenectomy. As postexposure prophylaxis, ciprofloxacin was prescribed for five medical staff and three family members who had come into close contact with the patient, none of whom later developed meningococcal infection.

DISCUSSION
==========

A diagnosis of bacterial meningitis is made based on clinical symptoms and analysis of CSF. Because it takes time for CSF culture to confirm the diagnosis, treatment should be started immediately if the cytological profile of CSF suggests bacterial meningitis, which typically shows elevated opening pressure (200 mmH~2~O to 500 mmH~2~O), pleocytosis (1000×10^6^ to 5000×10^6^ white blood cells/L) with a predominance of neutrophils (≥80%), elevated protein levels (1.00 g/L to 5.00 g/L) and decreased CSF-to-serum glucose ratio (≤0.4) ([@b1-idmm-25-249],[@b3-idmm-25-249]). Brouwer et al ([@b4-idmm-25-249]) reported that \>90% of cases of acute bacterial meningitis presented with a CSF white blood cell count \>100×10^6^ cells/L, and an acellular CSF is rare except in patients with tuberculous meningitis. However, our patient exhibited a normal cell count in the CSF.

Pediatric cases of bacterial meningitis without initial CSF findings have been reported. Polk and Steele ([@b5-idmm-25-249]) reported that seven of 261 pediatric meningitis patients had a positive CSF culture without any abnormalities on initial CSF tests. They estimated that pediatric meningitis without pleocytosis accounts for 0.5% to 12% of all cases of bacterial meningitis.

On the other hand, cases of bacterial meningitis without initial CSF pleocytosis in adults have rarely been reported. Only 26 cases, including the present case, were found in a search of English abstracts in the MEDLINE database. Patients with documented neutropenia were excluded ([Table 1](#t1-idmm-25-249){ref-type="table"}) ([@b6-idmm-25-249]--[@b20-idmm-25-249]). Of these, 11 cases had *Streptococcus pneumoniae*, 10 had *N meningitidis*, two had *Escherichia coli*, one had *Proteus mirabilis*, one had *Listeria monocytogenes* and one had *Haemophilus influenzae*. Blood culture was performed in 24 cases and bacteremia was detected in 19. The outcome was documented in 20 cases. Seven patients died and two exhibited auditory disorders. The timing of antimicrobial therapy was analyzed in 18 patients. Empirical treatment had not been implemented in five patients.

Neutropenia is known to be associated with no response in CSF ([@b11-idmm-25-249]). Lukes et al ([@b21-idmm-25-249]) reported that 45% of neutropenic patients with bacterial central nervous system infection did not have pleocytosis. Fishbein et al ([@b8-idmm-25-249]) also reported two other patients with neutropenia caused by bacterial meningitis with normal CSF cell counts. Therefore, we excluded patients with neutropenia from the literature review.

Factors such as age and congenital or acquired immune deficiencies in host defense mechanisms other than neutropenia may be responsible for the absence of an inflammatory response in initial CSF analysis. Five patients (cases 5 to 8, 24) without pleocytosis were elderly, severely alcoholic or had a history of splenectomy. However, many of the other patients, including our patient (case 26), were not severely immunocompromised.

Another possible explanation is that the organism contaminated the CSF from bacteremic blood by lumbar puncture. This hypothesis is based on the report that cisternal puncture in dogs with *S pneumoniae* bacteremia results in meningitis provided there are at least 10^3^ organisms per milliliter of blood ([@b22-idmm-25-249]). However, there is a lack of data supporting this etiology in humans. Lumbar puncture was performed gently and no blood contamination was observed in our patient. A traumatic tap was not documented for most of the patients on the list and, therefore, it appears to be unlikely that the initial lumbar puncture caused the meningitis in this case.

Our case suggested that lumbar puncture was performed in the early stage, when no inflammatory reaction had occurred in the patient. The organism grew from the second CSF sample, although none grew from the first CSF sample. The same phenomenon was observed in case 2, case 10 and case 22. These CSF results showed the transitional process of developing meningitis from bacteremia.

SUMMARY
=======

We encountered a case of bacterial meningitis with *N meningitidis* in which CSF at the early stage did not show pleocytosis. Only 26 nonneutropenic adult cases, including our case, have been reported with this unique presentation. Normal CSF does not always rule out bacterial meningitis and, therefore, repeat CSF analysis should be considered and antimicrobial therapy must be started immediately if there are any signs of sepsis or meningitis.
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###### 

Summary of 26 non-neutropenic cases of bacterial meningitis without pleocytosis reported in English and the present case

  **Case**   **Age, years, sex**   **Causative organism**       **CSF cell count (×10^6^/L); upper: first, lower: second**   **CSF protein, g/L**   **CSF-to-serum glucose ratio[\*](#tfn1-idmm-25-249){ref-type="table-fn"} CSF/serum, mmol/L**   **Gram stain**   **CSF culture**   **Blood culture**   **Empirical treatment**   **Outcome**   **Reference**
  ---------- --------------------- ---------------------------- ------------------------------------------------------------ ---------------------- ---------------------------------------------------------------------------------------------- ---------------- ----------------- ------------------- ------------------------- ------------- --------------------
  1          47                    *Neisseria meningitidis*     0                                                            0.45                   7.05/NA                                                                                        Negative         Positive          Negative            NA                        NA            [@b6-idmm-25-249]
  2          30 M                  *N meningitidis*             0                                                            0.47                   0.74                                                                                           Negative         Negative          Positive            NA                        Death         [@b7-idmm-25-249]
                                                                90                                                           1.73                   0.51                                                                                           Positive         Positive                                                                      
  3          76 F                  *Proteus mirabilis*          0                                                            0.58                   0.63                                                                                           Negative         Positive          Positive            Yes                       Death         
                                                                2220                                                         7.55                   0/NA                                                                                           Positive         Positive                                                                      
  4          67 M                  *N meningitidis*             2                                                            1.19                   0.42                                                                                           Negative         Positive          Positive            Yes                       Survived      
                                                                70                                                           2.65                   6.49/NA                                                                                        Positive         Negative                                                                      
  5          54 F                  *Escherichia coli*           0                                                            0.49                   0.54                                                                                           Negative         Positive          Positive            Yes                       Death         [@b8-idmm-25-249]
                                                                4                                                            1.84                   0.4                                                                                            Positive         NA                                                                            
  6          57 M                  *Streptococcus pneumoniae*   1                                                            0.97                   0.65                                                                                           Negative         Positive          Positive            Yes                       Survived      
  7          86 M                  *S pneumoniae*               0                                                            0.40                   0.60                                                                                           Positive         Positive          Positive            Yes                       Death         
  8          52 M                  *E coli*                     6                                                            0.55                   0.57                                                                                           Negative         Positive          Positive            No                        Death         
  9          50 F                  *S pneumoniae*               0                                                            0.21                   0.54                                                                                           Negative         Positive          Positive            Yes                       Survived      [@b9-idmm-25-249]
                                                                393                                                          0.76                   0.36                                                                                           Negative         Negative                                                                      
  10         26 M                  *Haemophilus influenzae*     1                                                            0.32                   3.94/NA                                                                                        Negative         Negative          Positive            No                        Survived      [@b10-idmm-25-249]
                                                                16,600                                                       11.00                  2.72/NA                                                                                        NA               Positive                                                                      
  11         59 F                  *N meningitidis*             1                                                            0.36                   0.8                                                                                            NA               Positive          Positive            NA                        NA            [@b11-idmm-25-249]
  12         50 F                  *S pneumoniae*               0                                                            021                    0.54                                                                                           NA               Positive          Positive            NA                        NA            
  13         40 F                  *N meningitidis*             0                                                            0.32                   0.85                                                                                           NA               Positive          Negative            NA                        NA            
  14         23 F                  *N meningitidis*             0                                                            0.27                   0.69                                                                                           NA               Positive          Positive            NA                        NA            
  15         33 F                  *Listeria monocytogenes*     0                                                            0.10                   0.71                                                                                           NA               Positive          Positive            NA                        NA            
  16         69 M                  *N meningitidis*             3                                                            0.40                   3.89/NA                                                                                        NA               Positive          Positive            NA                        Survived      [@b12-idmm-25-249]
  17         18 M                  *S pneumoniae*               0                                                            3.00                   0.22/5.00--7.21                                                                                Positive         Positive          NA                  Yes                       Death         [@b13-idmm-25-249]
  18         52 M                  *S pneumoniae*               6                                                            0.26                   3.94/NA                                                                                        Negative         Positive          Positive            Yes                       Survived      [@b14-idmm-25-249]
                                                                2709                                                         3.60                   0.72/NA                                                                                        Positive         Positive                                                                      
  19         74 F                  *S pneumoniae*               1                                                            0.54                   0.85                                                                                           NA               Positive          Negative            Yes                       Survived      [@b15-idmm-25-249]
  20         24 F                  *N meningitidis*             2                                                            0.20                   0.70                                                                                           Positive         Positive          Positive            Yes                       Survived      [@b16-idmm-25-249]
                                                                5600                                                         3.00                   0.72/NA                                                                                        Negative         Negative                                                                      
  21         21 F                  *N meningitidis*             1                                                            0.38                   3.61/NA                                                                                        Negative         Positive          Positive            Yes                       Survived      [@b17-idmm-25-249]
  22         60 F                  *S pneumoniae*               1                                                            0.39                   0.64                                                                                           Negative         Negative          Positive            No                        Survived      [@b18-idmm-25-249]
                                                                63                                                           0.74                   0.72                                                                                           Negative         Positive                                                                      
  23         37 M                  *S pneumoniae*               1                                                            0.47                   2.89/NA                                                                                        Negative         Positive          Negative            Yes                       Survived      [@b19-idmm-25-249]
  24         34 F                  *S pneumoniae*               2                                                            0.40                   0.61                                                                                           Positive         Positive          Negative            Yes                       Survived      [@b20-idmm-25-249]
  4086       2.70                  0.10                         Not done                                                     NA                                                                                                                                                                                                                   
  25         62 M                  *S pneumoniae*               1                                                            1.25                   0.12                                                                                           Positive         Positive          Not performed       No                        Death         
  26         83 F                  *N meningitidis*             2                                                            0.56                   0.62                                                                                           Negative         Negative          Positive            No                        Survived      Present case
                                                                1                                                            0.53                   0.34                                                                                           Positive         Positive                                                                      

Either cerebrospinal fluid (CSF) or serum glucose is shown where the ratio cannot be calculated. F Female; M Male; NA Not available
